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(57) ABSTRACT

[Technical Problem] The invention is to provide a method for
manufacture of an ultrafine conductor having sufficient elec-
trical conductivity, and enhanced strength and stretch prop-
erties while suppressing manufacture cost, the same ultrafine
conductor, as well as a material suited for the same ultrafine
conductor. [Solution to Problem] To solve the above problem,
there is provided a material for an ultrafine conductor, which
includes a matrix formed of copper, chromium particles con-
tained in the matrix, and tin contained in the matrix. The tin is
present as a solid solution in the matrix.

6 Claims, 3 Drawing Sheets
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FIG. 2
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1
ULTRAFINE CONDUCTOR MATERIAL,
ULTRAFINE CONDUCTOR, METHOD FOR
PREPARING ULTRAFINE CONDUCTOR, AND
ULTRAFINE ELECTRICAL WIRE

TECHNICAL FIELD

The invention relates to ultrafine conductor having an
enhanced strength, a method for preparing the same ultrafine
conductor, and a material for the same ultrafine conductor.

Ultrafine conductors having a thickness of equal to or less
than 0.2 mm are generally used for electronic devices, IC
testers, medical devices, and vehicle wiring harnesses in
which minimization has been particularly needed. However,
in the afore-mentioned fields, the ultrafine conductor is
required to satisty conductivity, strength, and stretch require-
ments.

In relation to the above technologies, JP 2001-295011 (A)
discloses anultrafine conductor having tensile strength 0£450
Mpa, stretch of equal to or greater than 4%, and electrical
conductivity of greater than 50% IACS, which is prepared by
adding silver, niobium, ferrous, or chromium to a matrix
material, copper, and being subjected to casting, wire draw-
ing, and heat treatment.

However, in accordance with the above conventional tech-
nologies the strength attained via the wire drawing may be
lowered by the subsequent heat treatment, as the heat treat-
ment is carried out for the purpose of improving or enhancing
stretch properties.

Inthis connection, the effect of the heat treatment after wire
drawing on tensile strength is shown in FIGS. 3A and 3B.
FIG. 3A is a graph showing the effect of the temperature of the
heat treatment on tensile strength and stretch properties. FIG.
3B is a graph showing the temperature of the heat treatment
on electrical conductivity properties.

As shown in FIGS. 3A and 3B, it can be understood that the
stretch and electrical conductivity properties are enhanced
but the tensile strength properties are lowered, as the tempera-
ture of the heat treatment is increased.

Furthermore, the above conventional technologies are
cost-consuming job, as each of the elements should be added
at a relatively high concentration (for example, in an amount
of from 10 to 15% by weight for the purpose of attaining
sufficient strength).

CITATION LIST
Patent Literature

[PTL 1]
JP 2001-295011 A

SUMMARY OF INVENTION
Technical Problem

The invention is provided in order to overcome the above
problems or drawbacks. In other words, the invention is to
provide a method for manufacture of an ultrafine conductor
having sufficient electrical conductivity, and enhanced
strength and stretch properties while suppressing manufac-
ture cost, the same ultrafine conductor, as well as a material
suited for the same ultrafine conductor.

Solution to Problem

In order to solve the above drawbacks and problems, there
is provided a material for an ultrafine conductor, which
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includes matrix formed of copper, chromium particles con-
tained in the matrix, and tin contained in the matrix. The tin is
present as a solid solution in the matrix.

The chromium is preferably present in an amount of from
3 at % to 5 at %. An amount of the chromium and an amount
of the tin are determined to satisfy the following formula 1
given that the amount of the chromium is X at % and the
amount of the tin is Y at %. In this regard, an amount of the
copper is determined by subtracting sum of X at % andY at %
from 100 at %. In other words, the copper is added as a
balance (a remainder).

[Formula 1]

0.15=¥<0.6-0.15(X-3) ey}

In another aspect of the invention, there is provided an
ultrafine conductor formed of material as mentioned previ-
ously, which includes a short fibrous portion formed of chro-
mium, and a matrix having a local change generated over the
entire matrix.

In the ultrafine conductor, aspect ratio of the short fibrous
portion formed of chromium is preferably from 0.05 to 0.8.

In a further aspect of the invention, there is provided a
method for preparing an ultrafine conductor, which includes
the step of stretching material as mentioned previously until a
local change is generated over the entire matrix.

In a further aspect of the invention, there is provided an
ultrafine electrical wire, which includes a conductor portion
obtained by stranding an ultrafine conductor as mentioned
previously, and an insulating covering disposed over the con-
ductor.

Advantageous Effects of Invention

In accordance with the invention, the material for ultrafine
conductor allows for the manufacture of the ultrafine conduc-
tor having favorable electrical conductivities, tensile
strength, and stretch properties at a relatively low cost.

In accordance with the invention, the ultrafine conductor
can be manufactured at a relatively low cost while maintain-
ing favorable electrical conductivities, tensile strength, and
stretch properties.

In accordance with the invention, there is provided a
method for preparing an ultrafine conductor having sufficient
electrical conductivity, tensile strength and stretch properties
in a relatively low cost.

In accordance with the invention, the ultrafine conductor
can be advantageously used for an electrical wire suited for a
vehicle wiring harness.

BRIEF DESCRIPTION OF DRAWINGS

[FIG. 1A]

FIG. 1A is a map of electron backscatter diffraction
(EBSD) for a cross section taken in a stretching direction of
the ultrafine conductor in accordance with the invention.

[FIG. 1B]

FIG. 1B is provided for illustrating FIG. 1A.

[FIG. 2]

FIG. 2 is a graph showing the relationship between equiva-
lent distortion (or equivalent strain) and stretch as an ultrafine
conductor material of Example 2 is drawn.

[FIG. 3A]

FIG. 3A is a graph showing the effect of heating tempera-
ture applied to conventional ultrafine conductor material on
tensile strength and stretch properties.
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[FIG. 3B]
FIG. 3B is a graph showing the effect of heating tempera-
ture applied to conventional ultrafine conductor material on
electrical conductivity properties.

DESCRIPTION OF EMBODIMENTS

Material suitable for an ultrafine conductor in accordance
with the invention includes a matrix consisted of copper, and
chromium particles contained in the matrix. In the matrix, tin
is present in the form of solid solution. More specifically, tin
forms a solid solution in copper, but does not form a solid
solution in chromium.

Such ultrafine conductor material can be prepared by
blending chromium, copper, and tin, and subsequently casing
the blend as obtained.

Generally, wire drawing causes distortion or strain to accu-
mulate, thereby enhancing the strength of the material. On the
contrary, the accumulated distortion or strain only allows
deformation to a certain extent. As a result, stretch is
restricted.

In accordance with one embodiment of the invention, the
matrix can be reinforced by adding tin, which is an element
capable of forming solid solution with the matrix, to the
matrix. In this regard, the matrix means a portion other than
the chromium particles, which forms short fibrous portion
when it is subjected to stretching or drawing.

In a case where the matrix reinforced as such is subjected to
drawing or stretching, when area reduction rate increases
beyond a certain level, a local change at the micro level (i.e.,
“micro-level local change™) is generated in the matrix,
thereby ultimately resulting in local change at the micro level
(i.e., micro-level local change) over the entire matrix texture.

When tensile stress is applied to the conductor in which the
matrix has undergone such micro-level local change, the con-
ductor can obtain additional stretch in accordance with the
local change.

In accordance with the invention, a term “micro-level local
change” as used herein means deformation accompanied by
local rotation of the crystal of the matrix in a stretching
direction, as the matrix or material is subjected to drawing or
stretching treatment. In accordance with a map of electron
backscatter diffraction (EBSD), the local change can be rep-
resented as gray color with a color gradient from light gray to
dark gray. On the other hand, short fibrous portion consisted
of chromium is represented as black color.

FIG. 1A is a map of electron backscatter diffraction
(EBSD) for a cross section of the ultrafine conductor, parallel
to the stretching direction. In this regard, the ultrafine con-
ductor is obtained by stretching or drawing the ultrafine con-
ductor material of Example 3, which will be described below,
such that the area reduction rate reaches 99.9%.

The micro-level local change can be remarkably observed
in the part of FIG. 1A corresponding to the elliptical portion
which is encircled by a dotted line in FIG. 1B. Furthermore,
the short fibrous portion consisted of chromium can be
remarkably observed in the part of FIG. 1A corresponding to
the elliptical portion which is encircled by a solid line in FIG.
1B.

Due to such local change in the matrix, the ultrafine con-
ductor in accordance with the invention can attain sufficient
level or amount of stretch.

Surprisingly, in a case where tin is replaced with phospho-
rous which is a known element capable of reinforcing copper
matrix, and enhancing strength or intensity during process-
ing, the afore-mentioned micro-level local change is never
generated. As aresult, the conductor cannot achieve sufficient
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stretch. This is because phosphorus, which is added to cop-
per-chromium system, does not form a solid solution in the
matrix (i.e., copper), but forms a solid solution in chromium.

As such, in accordance with the invention, tin which can be
dissolved in the copper-based matrix but cannot be dissolved
in chromium is needed.

In accordance with the invention, it is preferable to employ
chromium in a content (amount) of from 3 at % to 5 at %, and
satisfy the following formula (I) given that the content of
chromium is X at % and the content of tin is Y at %. The
balance (a remainder) will be copper. The above composition
is desired in terms of favorable electrical conductivities, ten-
sile strength, and stretch properties. In this connection, favor-
able electrical conductivities may be equal to or greater than
45% IACS which corresponds to electrical resistance value
required for the ultrafine conductor having the thickness of
0.2 mm or below in the field of vehicle wring harness; favor-
able tensile strength may be equal to or greater than 900 MPa
which corresponds to strength value required for the ultrafine
conductor having the thickness of 0.2 mm or below in the field
of vehicle wiring harness; and favorable stretch properties
may be equal to greater than 4% which corresponds to stretch
value required for the ultrafine conductor having the thick-
ness of 0.2 mm or below in the field of vehicle wiring harness.

[Formula 2]

0.15=¥<0.6-0.15(X-3) ey}

In a case where the content of chromium is less than 3 at %,
the matrix-reinforcing effect achieved by the short fibrous
portion formed of chromium after drawing or stretching pro-
cess would not be enough. On the contrary, in a case where the
content of chromium is greater than 5 at %, due to breakage
during wire drawing process ultrafine conductor is difficult to
ultimately obtain. Furthermore, in a case where the content of
tin is less than the above range, the matrix-reinforcing effect
achieved by tin due to the formation of solid solution would
not be enough, thereby failing to generate sufficient amount
of micro-level local change. As a result, the conductor after
stretch processing cannot achieve sufficient level or amount
of stretch. On the contrary, in a case where the content of tin
is greater than the above range, favorable level of electrical
conductivity cannot be obtained.

In accordance with the invention, aspect ratio can be deter-
mined by using a map of electron backscatter diffraction
(EBSD) for a cross section of a sample ultrafine conductor
taken in its longitudinal direction. The aspect ratio of the short
fibrous portion formed of chromium as observed can be
defined by a length in a direction perpendicular to the longi-
tudinal direction (i.e., a width “D”) divided by a length in the
longitudinal direction (“L”), and advantageously falls
between 0.05 and 0.8 in accordance with the invention. if the
above range is satisfied, the characteristic effects of the inven-
tive ultrafine conductor can be obtained.

In a case where the content of tin is less than the range as
represented by the formula (I), it is hard to achieve sufficient
level of tensile strength. On the contrary, in a case where the
content of tin is greater than the range as represented by the
formula (1), it is hard to satisfy the given electrical conduc-
tivities, and breakage readily occurs during wire drawing
process.

The ultrafine conductor material (i.e., the material for
ultrafine conductor) in accordance with the invention as
obtained by casting is subjected to stretching or drawing in
accordance with a general method for manufacturing an elec-
trical wire. In this situation, the ultrafine conductor material is
subjected to stretching or drawing process until the afore-
mentioned micro-level local change is generated over the
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entire matrix. Generally, when area reduction rate reaches
99.3% or above, the micro-level local change is generated
over the entire matrix. It is desired in that area reduction rate
0199.9% or above can attain more deliberate local change.

EXAMPLE

The invention will be described in detail with reference to
examples of ultrafine conductor. Raw materials were pro-
videdinaccordance with Table 1. In this regard, the content of
copper was determined by subtracting the sum of the content
of chromium and the content of tin from 100 at %. The raw
materials were subjected to casting, and then wire drawing
processing to obtain a crude wire having a diameter of 5 mm.
The crude wire thus obtained was subjected to heat treatment
at 800 Celsius degrees for a period of 1 hour. The crude wire
was further subjected to wire drawing treatment until that area
reduction rate reached 99.9%. As a result, ultrafine conduc-
tors having a diameter of 0.18 mm were obtained. For refer-
ence, equivalent distortion (or equivalent strain) as shown in
FIG. 2 can be defined by a logarithm of the diameter of the
wire before wire drawing divided by the diameter of the wire
after wire drawing. It is noted that the sample broken during
wire drawing treatment, which was considered to be hard to
manufacture an ultrafine conductor therefrom, was excluded
from observation and evaluation.

20
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or above, the sample is evaluated to have sufficient perfor-
mance as an ultrafine conductor suited for a vehicle wiring
harness.

Furthermore, electrical conductivities were measured by a
four-terminal method. In this regard, in a case where electri-
cal conductivities (rate) is 45% IACS or above, the corre-
sponding sample is evaluated to satisfy the performance
required for an ultrafine conductor having the thickness 0 0.2
mm or below in the field of vehicle wiring harness.

In addition, stretch properties of an electrical wire were
investigated. Specifically, each sample electrical wire was
prepared by providing a stranded wire formed of three
ultrafine conductors, and subjecting the stranded wire to
polypropylene resin extrusion molding to obtain an insulated
electrical wire having an outer diameter of 0.55 mm. it is
understood that this insulated electrical wire can be used as an
ultrafine electrical wire suited for a vehicle wiring harness.
The stretch of the insulated electrical wire as thus obtained
was measured.

The results are summarized in Table 1 as listed above. The
results summarized in Table 1 shows that the examples of the
ultrafine conductor in accordance with the invention satisfy
the strength, stretch, and electrical conductivity properties as
required for the ultrafine conductor having the thickness of
0.2 mm or below in the field of vehicle wiring harness.

TABLE 1
Stretch portion composed stretch
of of chromium matrix portion of
tensile element average average insulated
content (at % strength  wire  conductivity size aspect size aspect wire
chromium tin  (MPa) (%) (% IACS) (pm) ratio (um) ratio (%)
Ex. 1 3 0.6 1070 3.8 38 0.19 0.05~0.7 0.14  0.025~0.8
Ex.2 5 0.16 900 5 54 0.19 0.05~0.7 022  0.025~0.8 8
Ex. 3 5 0.3 1006 4 42 0.19 0.05~0.7 0.17  0.025~0.8 7
Com. Ex. 1 7.5 0.3 1100 3 35 0.19 0.05~0.7 013 0.025~0.8 8
Com. Ex. 2 10 0.3 not subjected to observation and evaluation —
due to breakage during drawing
Com. Ex. 3 1.8 — 830 2 75 0.2 0.05~0.6 022  0.025~0.8
Com. Ex. 4 3 — 820 3 64 0.2 0.05~0.6 022  0.025~0.8
Com. Ex. 5 5 — 870 5 53 0.2 0.05~0.6 019  0.025~0.8 8
Com. Ex. 6 7 — not subjected to observation and evaluation —
due to breakage during drawing
Com. Ex. 7 10 — not subjected to observation and evaluation —
due to breakage during drawing
Com. Ex. 8 15 — not subjected to observation and evaluation —
due to breakage during drawing
Com. Ex. 9 — 0.15 695 2.9 76 — — 026  0.025~0.8 3
Com. Ex. — 0.3 778 2.8 64 — — 020  0.025~0.8
10
Com. Ex. — 0.5 854 3 53 — — 016  0.025~0.8

The ultrafine conductors as thus obtained were observed
and evaluated. Firstly, a map of electron backscatter diffrac-
tion (EBSD) for a cross section of a sample ultrafine conduc-
tor taken in its longitudinal direction was provided. The
shapes of the short fibrous portion formed of chromium and
the particulate matrix portion were observed, and an average
size (i.e., a length of conductor in its longitudinal direction)
and aspect ratio were measured for both of short fibrous
portion and matrix portion.

Tensile strength and stretch tests were carried out by using
a material tester obtained from Instron Corporation. In a case
where tensile strength is 900 MPa or above, and stretch is 4%
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Furthermore, it can be understood that an element wire
having stretch of from 3.8% to 5% results in an insulated
electrical wire having stretch of from 7% to 10% in view of
Table 1. In a case where an insulated electrical wire has
stretch of 7% or above, it is considered to satisfy stretch
properties required for the field of vehicle wiring harness.

In all of the ultrafine conductors of Examples 1-3, the
micro-level local change was observed over the entire matrix.
However, in the case of the ultrafine conductors of the com-
parative examples, there was not observed such micro-level
local change over the entire matrix.
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FIG. 2 is a graph showing the relationship between equiva-
lent distortion (or equivalent strain) and stretch as a casting
formed of the ultrafine conductor material of Example 2 is
drawn or stretched.

In accordance with FIG. 2, due to drawing or stretching
process equivalent distortion increases. The stretch (%)
increases until the equivalent distortion reaches about the
value of 6 which corresponds to 99.9% of area reduction rate,
but decreases if the equivalent distortion is beyond the value
of 6.

The invention claimed is:

1. A material for an ultrafine conductor, comprising

a matrix formed of copper,

chromium particles contained in the matrix, and

tin contained in the matrix, wherein the tin is present as a

solid solution in the matrix,

wherein the chromium is present in an amount of from 3 at

% to 5 at %, wherein an amount of the chromium and an
amount of the tin are determined to satisfy the following
formula 1:

0.155¥=0.6-0.15(X-3)

given that the amount of the chromium is X at % and the
amount of the tin is Y at %, and wherein an amount of the
copper is determined by subtracting a sum of X at % and Y at
% from 100 at %.
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2. An ultrafine conductor formed of material as claimed in
claim 1, comprising:
a short fibrous portion formed of chromium, and

a matrix having a local change generated over the entire

matrix.

3. The ultrafine conductor as claimed in claim 2, wherein
aspect ratio of the short fibrous portion formed of chromium
is from 0.05 to 0.8.

4. A method for preparing an ultrafine conductor, compris-
ing the step of:

stretching material as claimed in claim 1 until a local

change is generated over the entire matrix.

5. An ultrafine electrical wire, comprising:

a conductor portion obtained by stranding an ultrafine con-

ductor as claimed in claim 2, and

an insulating covering disposed over the conductor por-

tion.

6. An ultrafine electrical wire, comprising:

a conductor portion obtained by stranding an ultrafine con-

ductor as claimed in claim 3, and

an insulating covering disposed over the conductor por-

tion.



